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1 INTRODUCTION 
The process of scouring is removal of sediments from river bed caused due to moving water or waves. 
Scour can be classified into two broad categories: General scour and local scour. Contraction scour is a 
type of general scour which occurs due to a reduction in channel cross-sectional area. Local scour on the 
other hand occurs due to the direct effect of an obstruction on the flow field. Contraction scour is ob-
served where the flow is constricted due to the placement of structures like bridges etc. The flow acceler-
ates in constrictions which increases the bed shear stress and the turbulence associated with it. The devel-
opment of contraction scour is noted when the critical shear stress of the bed materials is overcome by the 
bed shear stress. This could lead to the failure of the structure if too much sediment is eroded near it. Ac-
curate prediction of scour processes is necessary to assist the design engineers in monitoring and correct-
ing the aforementioned problems before the structures fail or become unsafe. In literature, the generalised 
scour due to channel constriction is not very well documented. Among the one dimensional models, 
HEC-18 [3] has been used to estimate the mean water velocity in the contracted channel by using the ve-
locity in the un-contracted channel and the contraction ratio. Here an empirical analytical formula was 
used for estimation of scour parameters. Among the two dimensional models Weise in 2002 [13] and Ma-
rek and Dittrich in 2004 [8] deserve to be mentioned. They used 2D numerical morpho-dynamic models 
to simulate the details of the erosion process in the open-channel contraction laboratory experiment. They 
concluded that the flow in the contraction domain had dominant 3D flow effects hence, a 2D model could 
not accurately reproduce the flow. Later Bihs and Olsen in 2007 [2] and Duc and Rodi in 2008 [4] mod-
elled the contraction scour case using their respective 3D models. They used the same experimental data 
for validation which is utilised in the current study. 
3D Numerical Modelling of Contraction Scour under Steady Current 
Using the Level Set Method 
M.S. Afzal 
Department of Marine Technology 
Norwegian University of Science and Technology, Trondheim, Norway 
H. Bihs & Ø.A. Arntsen 
Department of Civil and Transport Engineering 
Norwegian University of Science and Technology, Trondheim, Norway 
ABSTRACT: Contraction scour is a type of general scour that occurs due to a reduction in the channel 
cross-section. This is observed where the flow is constricted due to the placement of structures like bridg-
es abutments and other onshore/offshore structures. The flow accelerates in constrictions, which increases 
the bed shear stress and increases the turbulence associated with it. Development of contraction scour 
could lead to the failure of the structure if too much sediment is eroded. Accurate predictions of scour 
processes are necessary to assist the design engineers in monitoring and correcting the aforementioned 
problems before the structures fail or become unsafe. A three-dimensional computational fluid dynamics 
model is used to calculate the scour and the deposition pattern in a contraction. The CFD model solves 
Reynolds-Averaged Navier-Stokes (RANS) equations in all three dimensions. The location of the free 
surface is modeled with the level set method, which calculates the complex motion of the free surface in a 
very realistic manner. The level set method is also used for representation of the sediment-water interface. 
The numerical results for the contraction scour prediction are compared with physical experiments. The 
numerical model predicts the general evolution (geometry, location and maximum depth) of scour, depo-
sition height and its location accurately with very minor differences compared to the physical experi-
ments. 
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The current paper presents the application of the REEF3D sediment transport module by modelling a 
contraction flow situation in an alluvial laboratory channel with non-cohesive bed, for which experiments 
have been carried out at the Federal Waterways Engineering and Research Institute Karlsruhe (Bundesan-
stalt für Wasserbau BAW) [1]. The same study has been used by Weise in 2002 and Marek and Dittrich 
in 2004 for their 2D numerical modelling study. Later this study was used by Bihs and Olsen and Duc and 
Rodi in their paper for 3D numerical modelling study. 
2 NUMERICAL MODEL 
2.1 Governing Equations 
The CFD code uses the continuity and the incompressible Reynolds-averaged Navier-Stokes (RANS) 
equations as the governing equations for mass and momentum conservation. 
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where U is the velocity averaged over time t, ρ is the fluid density, P is the pressure, ν is the kinematic 
viscosity, νt is the eddy viscosity and g is the gravity term. The turbulence modelling approach in this 
study makes use of the RANS-equations where the eddy viscosity νt in the RANS-equations is determined 
through the two-equation the k-ω model [14]. The pressure gradient term in the RANS-equations is mod-
elled using SIMPLE method[10]. SIMPLE stands for Semi-Implicit Method for Pressure Linked Equa-
tions. The pressure correction equation is solved together with the momentum equations successively 
each time step. The Poisson equation is solved using the fully parallelized Jacobi-preconditioned 
BiCGStab solver [11]. 
The fifth-order WENO (Weighted Essentially Non-Oscillatory) scheme as proposed by Jiang and Shu 
[7] is used to discretize the convective terms of the RANS equations in a conservative finite difference 
framework. The conservative WENO scheme is used for the treatment of the convective terms for the ve-
locities Ui, while the Jacobi-Hamilton version is used for the variables of the free surface and turbulence 
algorithms. The time treatment is dealt with using an implicit time scheme. 
The Level Set Method (LSM) is employed to model the free surface. This method was proposed by 
Osher and Sethian[9] for computing and analysing the motion of an interface between two phases in two 
or three dimensions. This method is employed in the current study to model the interface between water-
air and water-sediments. The location of the interface is represented implicitly by the zero level set of the 
smooth signed distance function φ (~x,t). The level set function gives the closest distance to the interface 
in every point of the modelling domain. The phases are distinguished by the change of the sign. The main 
advantage of using the level set method to calculate the interface between the fluids is that φ (~x,t) is 
smooth across the interface which makes it differentiable at the interface and avoids numerical instabili-
ties. 
2.2 Sediment Transport Modelling 
Turbulent viscosity based bed shear stress formulation [15] is used for calculation of bed shear stress. 
( ) ∂τ = ρ + ∂t
U
v v
z
 (3) 
The sediment transport rates in the bed cells are calculated with Engelund and Fredsøe’s bed load formula 
[6]. 
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